We propose a strategy of the model-independent determination of the Kobayashi-Maskawa matrix element |V ub | within the framework of the heavy meson effective theory. The effective theory is model-independent, since no assumption on the dynamics is introduced except for the symmetry of QCD.
Precise measurement of the Kobayashi-Maskawa matrix elements is one of the approach to detect the new physics beyond the standard model at B-factories. The unitarity relation of the matrix in the B 0 -B 0 system, i=u,c,t
is described as a triangle in the complex plane. If the measured values of the sides and angles are not consistent with the triangle, the contribution from the new physics should exist.
Various strategies to measure the sides and angles are proposed. Focusing on the sides, |V cb | in |V * cb V cd | can be model-independently determined with enough accuracy by virtue of the heavy quark symmetry [1] [2] [3] . But the determinations of the other two sides, |V * tb V td | ≃ |V td | and |V * ub V ud | ≃ |V ub |, are still suffered from the ambiguity due to the theoretical estimation of the hadron matrix elements.
At present, |V ub | is extracted as a ratio |V ub /V cb | from the inclusive semi-leptonic B decay [4] . The measured spectrum of the charged lepton momentum is understood as the combination of the two components of B → clν and B → ulν, which are proportional to |V cb | 2 and |V ub | 2 , respectively. The theoretical predictions of both spectra and decay rates of these two components are necessary to extract |V ub /V cb |. There are some theoretical models [5] [6] [7] to calculate the hadron form factors with different predictions, and we have almost no criteria to select one of them at present. The extracted values of |V ub /V cb | are model dependent, and the ambiguity is larger than the present experimental error. The other strategy which is free from the model dependence is expected.
Heavy meson effective theory [8] is not the model of the hadrons, since no assumption on the dynamics is introduced except for the symmetry of QCD. Spin-flavor symmetry of the heavy quarks and the chiral symmetry of the light quarks restrict the interactions between the heavy-light mesons (D, D * , B, and B * ) and the light pseudo-scalar mesons (π, K, and η), and the effect of the QCD dynamics is represented by the coupling constants of the interactions. Once the coupling constants are fixed by using the experimental data, we can predict the form factors in model-independent way. The form factors are effective only for the soft pions, since the chiral expansion is carried out in the construction of the effective theory. In this letter, we propose a model-independent strategy of extracting |V ub | through the fixing of the parameters of the exclusive processes B → πlν and B → ππlν with soft pions, under the condition that the values of the decay constants of B and B * mesons are
given.
The Lagrangian of heavy meson effective theory have been written down including the breaking effect of the spin-flavor symmetry [9, 10] . Up to O(p 2 ) in the chiral expansion and
There are eight dimensionless parameters (κ, κ', r, r 1,2 , λ, and λ 1,2 ) and a parameter Λ with mass dimension. The heavy mesons are described by the field
where v is the velocity of the heavy quark inside. The fields P v and P * v are the heavy pseudo-scalar and heavy vector fields defined as
which have the mass dimension 3/2. The light pseudo-scalar mesons (π, K, and η 8 ) are described by the following fields as the Nambu-Goldstone bosons,
where ξ = e iΠ/fπ , and
The light vector mesons (ρ, K * , and ω 8 ) are also introduced as the gauge bosons of the hidden local symmetry [11] which is a model for the light vector mesons. They are introduced through the covariant derivative of the heavy meson field
and the combinationα
terms which are consistent with the symmetry (including C, P , and reparameterisation invariance) are enumerated in the Lagrangian. The transformation properties of the fields and the details of the construction are described in the paper of ref. [9] .
The heavy-to-light weak current can be written down in the same level of the expansion
with three parameters of the mass dimension 3/2 (F and α 1,2 ) and two parameters of the mass dimension 1/2 (β 1,2 ). The decay constants of the heavy-light mesons are parametrized
where f P and f V are the decay constants of pseudo-scalar and vector heavy mesons, respec-
The Lagrangian gives the mass formulae for the heavy mesons
where m P and m V are the masses of pseudo-scalar and vector heavy mesons, respectively.
The 1/M
2 Q correction to the un-squared masses m P and m V are generally attached as the
Q terms with the coefficients ω P and ω V in the brackets. Using a relation
following from the above mass formulae, we can estimate the convergency of the 1/M Q expansion. The magnitude of the 1/M 2 Q correction is given as
where the values of the meson masses [12] 1 The QCD correction for the weak current is not considered for simplicity.
are used. If the quark masses are set as M c = 1500MeV and M b = 5000MeV
Then we obtain the magnitude of the universal 1/M Q correction to the squared mass difference as
We can see that 
This indicates that the convergency of the 1/M b expansion is good. Therefore, we apply this effective theory only to the B meson system in the following.
The decay amplitude of the processB 0 → π + lν is obtained by calculating the diagrams of fig.1 . The form factors defined by
are obtained as
where
The explicit dependence on the bottom quark mass There are no contribution from the higher order terms of chiral expansion at the tree level. Therefore, these form factors should be applied as far as the chiral expansion converges 2 . Following to the naive dimensional analysis [13] , the chiral expansion converges if
where E π = v · p π denotes the energy of the pion in B meson rest frame 3 and f π ≃ 88MeV denotes the decay constant of the pions in the chiral limit. The q 2 -spectrum
2 This corresponds to the fact that only the O(p 2 ) and O(p 4 ) terms in chiral expansion can contribute to the π-π scattering amplitude at the tree level.
3 Reparameterisation invariance always allow us to take p B = m B v.
with the above f + (q 2 ) is effective in the region
where the masses of the charged lepton and neutrino are neglected.
Once we fix the values of all the unknown parameters, λ,
and f B * , the value |V ub | can be obtained by fitting the spectrum of the above region. If we consider the very soft pions, namely 
where k ± = p π + ± p π − and q = p l + p ν , are obtained as
We do not write r, since it does not contribute if the masses of the lepton and neutrino are neglected 4 . The relations the form factor h are dropped out. The decay spectrum of the S-wave pions is given as
(40)
The coupling constants are included only in the combination ofλ ≡ λ+((
since we are considering the very soft pions which satisfy
where v ·k + /2 denotes the average of the pion energies in B meson rest frame. The E π − /2m B dependence in the form factors ω + and ω − are approximately neglected in the 10% level.
The next order terms of the chiral expansion (O(p 2 )) can contribute to this process. To keep the good approximation within 10% error, we must set the condition of eq.(41).
The width of D * + → D 0 π + decay can be calculated as
The experimental upper bound on this width [15] 
gives the upper bound on the parameter 
5 The weak decays of the B * meson are hard to observe, since the branching ratio is very small. 
These number can be detectable in the future B-factories within the 10% accuracy. Therefore, it can be expected that the value of |V ub | is extracted by fitting bothλ and |V ub | with these numbers. The model-independent determination of |V ub | within 10% accuracy can be expected.
We may obtain both the values of λ and ((λ 1 − λ 2 ) − λ)Λ/m B by fitting the spectrum The accuracy of the extracted value depend on the experimental ability to detect the very soft pions, since the main theoretical ambiguity comes from the higher order contribution of the chiral expansion. If we want the theoretical ambiguity of less than 5%, the phase space should be restricted as (E π /4πf π ) 2 < 0.05 in the processB 0 → π + lν, for example.
The resultant number of the events will be very few and hard to detect. If the precise measurement of the pure leptonic decays of B mesons, B − → µν or B − → τν, is easier, this strategy have no advantage. Another large theoretical ambiguity may come form the π-π re-scattering effect in B − → π + π − lν decay. But we can carry out the improvement by using the experimental data of the π-π scattering phase shift.
In this letter we proposed a model-independent strategy to extract the value of |V ub | from the experiments. 
